A high-resolution and near real-time drought monitoring dataset has not been made readily available in drought-prone China, except for the low-resolution global product. Here we developed a set of near real-time meteorological drought data at a 0.25 • spatial resolution over China, by seamlessly merging the satellite-based near real-time (RT) precipitation (3B42RTv7) into the high-quality gauge-based retrospective product (CN05.1) using the quantile-mapping (QM) bias-adjustment method. Comparing the standard precipitation index (SPI) from the satellite-gauge merged product (SGMP) with that from the retrospective ground product CN05.1 (OBS) shows that the SGMP reproduces well the observed spatial distribution of SPI and the pattern of meteorological drought across China, at both the 6-month and 12-month time scales. In contrast, the UN-SGMP generated by merging the unadjusted raw satellite precipitation into the gauging data shows systematical overestimation of the SPI, leaving less meteorological droughts to be identified. Furthermore, the SGMP is found to be able to capture the inter-annual variation of percentage area in meteorological droughts. These validation results suggest that the newly developed drought dataset is reliable for monitoring meteorological drought dynamics in near real-time. This dataset will be routinely updated as the satellite RT precipitation is made available, thus facilitating near real-time drought diagnosis in China.
Introduction
Drought is one of the most widely spread and costly natural disasters in the world [1, 2] . Compared with other natural disasters, droughts tend to persist for a long time period (from months to years) and extend over a large spatial extent (from local to continental scale), with devastating impacts on agriculture production [3] , water use [4] , and ecosystem function [5] . China has suffered from a series of prolonged and severe droughts in the past few decades [6, 7] , with crop yield loss up to 25.2 billion kilograms and an average of more than 270 million people affected by water shortage per year [8] .
Monitoring the development of drought in a real-time manner is fundamental for enhancing the resilience to droughts, thus benefiting the adaptation and mitigation strategies.
Typically, drought originates from a sustained precipitation deficit relative to the long-term climatology [9] [10] [11] [12] [13] . The standard precipitation index (SPI) has been widely used to characterize ground stations, the CN05.1 product has been recognized to be more reliable than its previous versions, which were based on about 700 gauging stations [43] [44] [45] .
In this study, the quantile mapping (QM) bias-adjustment approach, which has been widely used in previous studies [46, 47] , was introduced to seamlessly merge the 3B42RTV7 satellite RT data into the CN05.1 gauging data for producing the near real-time meteorological drought data. The QM approach is used to adjust the cumulative distribution function (CDF) of 3B42RTV7 by mapping it onto the corresponding distribution of CN05.1 in the same period. In general, it includes two steps: 1) Identifying a percentile fraction for the raw data from the probability distribution fitted by the satellite data; 2) estimating the adjusted value by "looking up" that percentile fraction in the corresponding distribution, derived from the observations [48] . This equal-quantile transformation scheme has been demonstrated as comparable to other bias-correction methods [49] . To independently evaluate the performance of the satellite-gauge merging approach, a leave-one-out cross-validation strategy is employed when applying the QM. That is, for any given year during the satellite-gauge overlapping period (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) , the daily precipitation for each month was adjusted following the corresponding satellite-gauge precipitation transformation relationship derived from the remaining 15-y period (referred to as training period). Specifically, the daily precipitation (x i,j ) of month j (j = 1, 2, . . . , 12) in the year i (i = 2001, 2002, . . . , 2016) was corrected in following procedures: 1) To construct the CDF-mapping relationship in the training period. The CDFs of 3B42RTV7 (FS j ) and CN05.1 (FO j ) for the month j were fitted from the daily precipitation for all days within this month over the 15-y training period (with the validation year i excluded) using two-parameter Gamma distribution, respectively.
2) To replace the raw daily precipitation x i,j with the adjusted x i,j . A cumulative probability (prob i,j ) for the raw satellite data x i,j was determined by its position in the CDF of 3B42RTV7 data (i.e., FS j ) (see Equation (1)); thereafter, the daily precipitation (x i,j ) with the same cumulative probability (prob i,j ) in the CDF of CN05.1 data (FO j ) was estimated and employed to replace x i,j .
By doing so, the satellite-based 3B42RTv7 precipitation was seamlessly combined with the gauge-based CN05.1 data, leading to the real-time daily precipitation data with a 56-y climatology. Using the satellite-gauge merged precipitation record, the near real-time meteorological drought dataset was developed from the near real-time estimation of SPI at various time scales.
In this study, we selected two typical drought years of China, i.e., 2010 and 2012, to validate the newly developed meteorological drought monitoring data by comparing the SPI, estimated from the satellite-gauge merged data, with that from the observational CN05.1 over 10 major hydrological zones of China, including seven large river basins (Songhua River, Liao River, Hai River, Yellow River, Huai River, Yangtze River, and Pearl River) and three regions (southeast region, southwest region, and northwest region) (see Figure 1 ). In addition, the percentage area affected by meteorological drought, summarized from the grid cells with SPI value less than −0.8 [50] , was calculated for further comparisons. Hereafter, the ground-based CN05.1 data is taken as the observational reference (referred to as OBS). The long-term and near real-time precipitation record derived through merging the adjusted 3B42RTv7 satellite data into the CN05.1 gauging data is referred to as the SGMP data, while the UN-SGMP data indicates the product created by merging the unadjusted raw satellite data into the CN05.1 observational data. Two metrics, the Nash-Sutcliffe efficiency (E f ) and relative error (E r ; %), were employed to assess the performance of the meteorological drought data product. The variables E f and E r (%) are calculated as:
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Conclusions and Discussion
In this study, we generated a long-term near real-time precipitation record with consistent climatology by merging the satellite RT data (3B42RTv7) into the retrospective ground observations (CN05.1), wherein the QM approach was used to bridge the gap (i.e., source-specific inconsistency) between the 3B42RTv7 satellite data and the CN05.1 gauging data. Using the satellite-gauge merged precipitation (SGMP) record, we developed near real-time meteorological drought monitoring data at a spatial resolution of 0.25° over China. The newly developed meteorological drought dataset was validated against that estimated from the observational CN05.1 data (OBS) during the overlapping period.
Results show that the raw 3B42RTV7 satellite data is subject to systematic overestimation of precipitation relative to the gauge-based CN05.1 data. The relative bias (Er) is found to be greater than 20% (or even exceeding 100%) across most of China. After bias-adjustment with the QM approach, the bias of satellite-gauge dataset (3B42RTV7-CN05.1) is dramatically decreased to less than 6%, suggesting that the adjusted 3B42RTV7 data bear an overall consistency with ground observations. Further analyses at three typical locations (grid cells) show that the SGMP dataset is able to capture the inter-annual variability of reference SPI from the OBS data, with the Ef being less than 0.50. In contrast, the performance of UN-SGMP data (i.e., combining the unadjusted raw satellite RT data with the multi-decadal gauging data) is relatively poor with the Ef falling to the catalog of less than zero. Comparing the spatial patterns of meteorological droughts in four typical drought months show that the SGMP data is able to reproduce the spatial distribution pattern of SPI and meteorological drought, as indicated by the observational data (CN05.1), at both the 6-month and the 12-month scales, while the UN-SGMP data shows wide-spread overestimation of SPI. Consistently, the meteorological drought area summarized from the SGMP data shows close agreement with the OBS data, with the magnitude of Ef above 0.50 and Er less than 5%. These validation analyses demonstrate that the meteorological drought diagnosis based on the UN-SGMP data is rather unrealistic due to the systematic overestimation of SPI arising from the satellite-gauge inconsistency, whereas the SGMP-based drought data can provide reliable meteorological drought information through realistic near real-time estimation of SPI.
Although the Integrated Multi-satellitE Retrievals for GPM (IMERG) has been made available as the successor mission of the TRMM mission since March 2014, the short overlapping period 
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Although the Integrated Multi-satellitE Retrievals for GPM (IMERG) has been made available as the successor mission of the TRMM mission since March 2014, the short overlapping period between IMERG satellite data and CN05.1 gauging data (March 2014-December 2016) hampers the effectiveness of the satellite-gauge merging approach. Thus, the TMPA-RT data were employed as the source of near real-time precipitation in this study. Future efforts should be dedicated to develop and update the near real-time meteorological drought product with the IMERG-RT data when the long-term record of IMERG data is available. Furthermore, it should be noted that the QM bias-adjustment approach used in this study is not intended to remove the inherent errors in 3B42RTV7 satellite RT data, but to remove the satellite-gauge systematic error.
The newly developed meteorological drought product will be updated on a timely basis and made available to the public in netCDF format via the internet, with the near real-time availability of 3B42RTv7 satellite precipitation. It is not only useful for examining the long-term historical changes in meteorological drought, but also has a great value by facilitating near real-time detections of meteorological drought, thus complementing existing drought adaptation and mitigation efforts in China. 
